
3rd International Workshop on High Energy Class Diode Pumped Solid State Lasers
Livermore, CA, USA, May 17-19  2006

LUCIA short pulses 
applications

Photon Science and Applications
National Ignition Facility Programs Directorate

Lawrence Livermore National Laboratory
Livermore, California USA

May 17-19, 2006

J.-C. Chanteloup, S. Bahbah, LULI



3rd International Workshop on High Energy Class Diode Pumped Solid State Lasers
Livermore, CA, USA, May 17-19  2006

Overview

.LULI 100TW laser chain upgrade with OPCPA

.3 microns OPCPA chain

.Protontherapy
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LULI 100 TW laser chain
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OPCPA Optical Parametric Chirped Pulse Amplification 

Pump pulse

Stretched signal pulse

Non-linear crystal

Amplified signal

Attenuated pump

Idler
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Current OPCPA work

Signal 1054 nm, 0.5 nJ

Pompe 532 nm, 30 mJ

OPA Imagerie

Gain

Spectre
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1057 nm OPCPA : 1st stage

BBO_1

EP = 120 mJ, 

Doubled
Nd:YAG
532 nm, 8 ns,
~ 1 J, 10 Hz 

λS = 1057 nm
λI = 1071.1 nm
λP = 532 nm

ES

BBO_2
Regen amplifier
1057 nm, 400 ps,
150 µJ EP EI

crystal: BBO, β-BaB2O2

BBO_1, (type I) : θ = 22,9°, ϕ = 0°, T = 300 K, LC = 3 mm

BBO_2, (type I) : θ = 22,9°, ϕ = 0°, T = 300 K, LC = 3 mm
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1057 nm OPCPA : 2nd stage

λS = 1057 nm
λI = 1071.1 nm
λP = 532 nm

LBO_1
Compressor
3 mJ/400 fs

~ 7,5 GW

ES = 3 mJ
LBO_2

Crystal: LBO, LiB3O5

LBO (type I, Plan XY) : θ = 90°, ϕ = 11,6°, T = 300 K, LC = 10 mm

LBO (type I, Plan XY) : θ = 90°, ϕ = 11,6°, T = 300 K, LC = 10 mm

ES

EP EI
EP EI
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1057 nm
100 fs,

~75 Mhz, 35 nJ
oscillator

Stretcher

Rod amplifiers

Air
compressor

10 J, 300 fs

30 J, 300 fs

Préamps
OPCPA

~10 mJ
10 Hz

5 J

5 J

108 mm
slab amplifiers 100 J, ns

Vacuum
compressor

~10 mJ
10 Hz

7 J /10 Hz

108 mm
slab amplifiers

Heating
beams

Creation
beam

35 J

35 J
30 J, 1 ps

Single shot
probe beam

~6 J, 100 fs

10 Hz
probe beams

3 J, 30 fs

OPCPAs

~ 100 J

~ 200 mJ

100TW laser chain upgrade

Interaction
Chamber
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Stage 1 

Oscillator
1057 nm, 100 fs

Stretcher

LUCIA
1030 nm, 1.5 ns, 
10 Hz, 200 mJ

LBO

KNbO3_1

OCPA PreampsEP = 200 mJ

φ = 5,7 mm

φ = 5.7 mm

φ = 3.5 mm

Es = 35 nJ, 1.5 ns

EP = 100 mJ

Es = 10 mJ

Es = 16 mJ

EP = 45 mJ

KNbO3_2

λS = 1057 nm
λI = 1004.3 nm
λP = 515 nm

LBO: T = 500 K, θ = 84,9°

KNbO3_1: T = 300 K, θ = 14,4°, ϕ = 0°, Lc = 15 mm

KNbO3_2 : T = 300 K, θ = 14,4°, ϕ = 0°, Lc = 17 mm
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Stage 2
LUCIA
1030 nm, 1.5 ns, 
10 Hz, 100 J

OPCPA

YCOB

Signal
1057 nm, 1.5 ns, 16 mJ

KDP_1 KDP_2

EP = 100 J

EP = 50 J EP = 45 J, φ = 91 mm

EP = 5 J, φ = 30,4 mm

Es = 1 J

Es = 7 J Compressor
7 J/100 fs
~ 70 TW

λS = 1057 nm
λI = 1004.3 nm
λP = 515 nm

YCOB: T = 500 K, θ = 150,9°

KDP_1 (type I): T = 300 K, θ = 41°, ϕ = 0°, Lc = 86 mm

KDP_2 (type I): T = 300 K, θ = 41°, ϕ = 0°, Lc = 67 mm
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100 TW upgrade without waiting for LUCIA
Self pumped architecture

300 fsPhi 108 compressor100 J

Oscillator 1057 nm
100 fs, ~80 Mhz, pJ

Preampsstretcher

Phi 108 100 J

Frequency doubling
Jouvence 100 TW

60J, 527 nm

stretcherSpectral broadening => 30 fs 10 J, 30 fs (<100 fs)OPCPAs
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Scheme 1 (dLAP&KDP)

dLAP_1

Pump @ 527 
nm, 60 J, 400 ps, 
φ = 60 mm

EP = 56 J

stage: 1λS = 1064 nm
λI = 1044 nm
λP = 527 nm EP = 4 J, 

φ = 33 mm

ES = 720 mJEP = 1 J

ES = 547 mJ

dLAP_2Signal @1064 nm, 
9 mJ, 400 ps

ES = 9 mJ

Crystal dLAP: Lithium Arginine Phosphate

dLAP_1 (type I, plan XY) : θ = 90°, ϕ = 23,3°, T = 300 K, LC = 20 mm

dLAP_2 (type I, plan XY) : θ = 90°, ϕ = 23,3°, T = 300 K, LC = 10 mm
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Scheme 1 (dLAP&KDP)

KDP, I

EP = 56 J, 
φ = 123 mm

ES = 10.25 JEP = 11 J, φ = 56 mm

Crystal KDP: KH2PO4 Potassium dihydrogen Phosphate

KDP type I, θ = 41,1°, T = 300 K, LC = 45 mm

KDP type I, θ = 41,1°, T = 300 K, LC = 36 mm

Compressor
10.25 J/100 fs

~ 100 TW

EP = 56 J
λS = 1064 nm
λI = 1044 nm
λP = 527 nmstage: 2

ES = 720 mJ ES = 8.5 J

KDP, I
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Scheme 2 (dLAP,KDP&YCOB)

dLAP_1

Pump @ 527 
nm, 60 J, 400 ps, 
φ = 60 mm

EP = 56 J

stage: 1λS = 1064 nm
λI = 1044 nm
λP = 527 nm EP = 4 J, 

φ = 33 mm

ES = 720 mJEP = 1 J

ES = 547 mJ

dLAP_2Signal @1064 nm, 
9 mJ, 400 ps

ES = 9 mJ

Crystal dLAP: Lithium Arginine Phosphate

dLAP_1 (type I, plan XY) : θ = 90°, ϕ = 23,3°, T = 300 K, LC = 20 mm

dLAP_2 (type I, plan XY) : θ = 90°, ϕ = 23,3°, T = 300 K, LC = 10 mm



3rd International Workshop on High Energy Class Diode Pumped Solid State Lasers
Livermore, CA, USA, May 17-19  2006

Scheme 2 (dLAP,KDP&YCOB)
EP = 56 J

KDP, I

EP = 46 J

stage: 2
λS = 1064 nm
λI = 1044 nm
λP = 527 nm

EP = 10 J, 
φ = 52 mm

ES = 2.3 JES = 720 mJ

Crystal KDP: KH2PO4 Potassium dihydrogen Phosphate

KDP type I, θ = 41,1°, T = 300 K, LC = 30 mm
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Scheme 2 (dLAP,KDP&YCOB)
EP = 46 J

YCOB_1

EP = 46 J, 
φ = 112 mm

ES = 8 J

EP = 16 J

Crystal YCOB: YCa4O(BO3)3 Yttrium Calcium Oxyborate

YCOB_1 (type I, plan XZ), θ = 149,7°, ϕ = 0°, T = 300 K, LC = 31 mm

YCOB_2 (type I, plan XZ), θ = 149,7°, ϕ = 0°, T = 300 K, LC = 24 mm

Compresseur
10 J/100 fs

~ 100 TW

stage: 3
λS = 1064 nm
λI = 1044 nm
λP = 527 nm

ES = 10 J

YCOB_2
ES = 2.3 J
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Scheme 3 (dLAP&YCOB)

dLAP_1

Pump @ 527 
nm, 60 J, 400 ps, 
φ = 60 mm

EP = 56 J

stage: 1λS = 1064 nm
λI = 1044 nm
λP = 527 nm EP = 4 J, 

φ = 33 mm

ES = 720 mJEP = 1 J

ES = 547 mJ

dLAP_2Signal @1064 nm, 
9 mJ, 400 ps

ES = 9 mJ

Crystal dLAP: Lithium Arginine Phosphate

dLAP_1 (type I, plan XY) : θ = 90°, ϕ = 23,3°, T = 300 K, LC = 20 mm

dLAP_2 (type I, plan XY) : θ = 90°, ϕ = 23,3°, T = 300 K, LC = 10 mm
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Scheme 3 (dLAP&YCOB)
EP = 56 J

YCOB_1

stage: 2
Compresseur
9.7 J,100 fs

~ 97 TW

λS = 1064 nm
λI = 1044 nm
λP = 527 nm

EP = 56 J, 
φ = 123 mm

ES = 9.7 JEP = 22,26 J

ES = 6.80 J

Crystal YCOB: YCa4O(BO3)3 Yttrium Calcium Oxyborate

YCOB_1 (type I, plan XZ), θ = 149,7°, ϕ = 0°, T = 300 K, LC = 42 mm

YCOB_2 (type I, plan XZ), θ = 149,7°, ϕ = 0°, T = 300 K, LC = 27 mm

YCOB_2
ES = 720 mJ

S.B.
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multi-TW source at 3 µm / 10 Hz

White light generation through 
SPM with Teramobile

350 mJ
70 fs – 5 TW
793 nm

Vibrational frequency (C-H) of
Light Organic Components (LOC)
= 3.3 µm.

Téramobile is a Lidar (LIght Detection 
and Ranging)  program jointly funded by 
CNRS & DFG since 1999:
- Two French laboratories (LASIM, LOA) 
- Two German laboratories (Berlin & 
Jena) Wavelength (µm)

Sp
ec

tra
l D

en
sit

y (
a.u

.)

http://pclasim47.univ-lyon1.fr/teramobile.html


3rd International Workshop on High Energy Class Diode Pumped Solid State Lasers
Livermore, CA, USA, May 17-19  2006

KNbO3_1

λS = 1550 nm
λI = 3070.2 nm
λP = 1030 nm

ES = 5 pJ, φ = 2 mm

EP = 100 mJ, 
φ = 3 mm

EP = 55 mJ

KNbO3_2

Oscillator
1550 nm, 100 fs

EI = 7 mJ

EI = 12 mJ

KNbO3_1, (type I) : θ = 42.1°, ϕ = 0°, T = 300 K, LC = 37 mm

KNbO3_2, (type I) : θ = 42.1°, ϕ = 0°, T = 300 K, LC = 27 mm

EP = 100 J

stage: 1
Stretcher: 1.5 ns

LUCIA
1030 nm, 1.5 ns,
~ 100 J, 10 Hz 

3µm OPCPA Scheme 1 (KNbO3&LiNbO3)
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3µm OPCPA Scheme 1 (KNbO3&LiNbO3)
EP = 100 J

LiNbO3_1

EP = 10 J, 
φ = 23 mm

EI = 800 mJ

EP = 3 J

λS = 1550 nm
λI = 3070,2 nm
λP = 1030 nm stage: 2

EP = 90 J

EI = 1.1 J

LiNbO3_2
EI = 12 mJ

LiNbO3_1, (type I) : θ = 46,1°, ϕ = 0°, T = 300 K, LC = 14 mm

LiNbO3_2, (type I) : θ = 46,1°, ϕ = 0°, T = 300 K, LC = 18 mm
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3µm OPCPA Scheme 1 (KNbO3&LiNbO3)
EP = 90 J

LiNbO3_3
Compressor
10 J/100 fs

~ 100 TW

λS = 1550 nm
λI = 3070.2 nm
λP = 1030 nmstage: 3

EP = 90 J, 
φ = 70 mm

EP = 36 J EI = 10 J

EI = 7 J

LiNbO3_4
EI = 1.1 J

LiNbO3_3, (type I) : θ = 46,1°, ϕ = 0°, T = 300 K, LC = 26 mm

LiNbO3_4, (type I) : θ = 46,1°, ϕ = 0°, T = 300 K, LC = 28mm
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KNbO3_1

λS = 1550 nm
λI = 3070.2 nm
λP = 1030 nm

ES = 5 pJ

EP = 100 mJ, 
φ = 3 mm

EP = 55 mJ

KNbO3_2

Oscillateur
1550 nm, 100 fs

stage: 1
Étireur: 1.5 ns

LUCIA
1030 nm, 1.5 ns,
~ 100 J, 10 Hz 

3µm OPCPA Scheme 2 (KNbO3&LiNbO3&KTP) 

EP = 100 J

EI = 12 mJ

EI = 7 mJ

KNbO3_1, (type I) : θ = 42.1°, ϕ = 0°, T = 300 K, LC = 37 mm

KNbO3_2, (type I) : θ = 42.1°, ϕ = 0°, T = 300 K, LC = 27 mm
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3µm OPCPA Scheme 2 (KNbO3&LiNbO3&KTP) 
EP = 100 J

LiNbO3_1

EP = 90 J

stage: 2
λS = 1550 nm
λI = 3070,2 nm
λP = 1030 nmEP = 10 J, 

φ = 23 mm

EP = 3 J EI = 1.1 J

EI = 800 mJ

LiNbO3_2
EI = 12 mJ

LiNbO3_1, (type I) : θ = 46.1°, ϕ = 0°, T = 300 K, LC = 14 mm

LiNbO3_2, (type I) : θ = 46.1°, ϕ = 0°, T = 300 K, LC = 18 mm
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3µm OPCPA Scheme 2 (KNbO3&LiNbO3&KTP) 
EP = 90 J

KTP_1
Compressor
11 J/100 fs

~ 110 TW

λS = 1550 nm
λI = 3070.2 nm
λP = 1030 nmstage: 3

EP = 90 J, 
φ = 57 mm

EP = 35 J EI = 10.4 J

EI = 8 J

KTP_2
EI = 1.1 J

KTP_1 (type II), θ = 44.4°, ϕ = 0°, T = 300 K, LC = 26 mm

KTP_2 (type II), θ = 44.4°, ϕ = 0°, T = 300 K, LC = 40 mm
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OPCPA ~3 µm for LIDAR

Pump
1030 nm
10 J

Idler
3300 nm
Chirp>0
~1 J

LiNbO3
/ KNbO3

Signal
λ = 3,3 µm

Chirp>0
~10 J / 25 fs
~400 TW

10 Hz

Pump
1030 nm
90 J

LiNbO3
/ KNbO3

Oscillator 
25 fs 400 
mW

signal
785 nm
Chirp>0

Pump
515 nm
100 mJ

Idler
1500 nm
Chirp<0
>10 mJ

BBO
(Non-collinear)

LBO

Oscillator 
100 fs
500 mW

signal
1550 nm
Chirp<0

Signal
1550 nm
Chirp<0
>10 mJ

Pump
1030 nm
10 J

Pump
1030 nm
90 J

LiNbO3
/ KNbO3

LiNbO3
/ KNbO3

Pump
1030 nm
100 mJ

LiNbO3
/ KNbO3

Idler
λ = 3.1 µm

Chirp>0
~10 J / 100 fs
~100 TW

10 Hz

Signal
1550 nm
Chirp<0
~1 J
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Protontherapy

Proton beams reach the 
tumor without previous 

interaction and with high 
precision

X rays are interacting 
with tissues on the path 

towards the tumor

To go through dense tissues, 250 to 300 MeV proton beams are required
Protons need to be produced at a somehow high rep rate (~10 Hz)
A solution could be a laser :∼ 300 fs / 100 J / 10 Hz
DPSSL are offering such perspectives

J. Fuchs, Nature Physics, volume 2, issue 1, pp 48-54 (2006). 



3rd International Workshop on High Energy Class Diode Pumped Solid State Lasers
Livermore, CA, USA, May 17-19  2006

Protontherapy

Nature Physics, volume 2, issue 1, pp 48-54 (2006). 
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Protontherapy
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Build a laser with a laser
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